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First determination oF polyphenol variation  
in Daphne gniDium l. leaves depending on altitude  
and slope at tessala mounts (north-West algeria)
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Summary. — the present study concerns the study of correlation between the leaf phenolic concentra-
tion of Daphne gnidium l. and some ecological parameters, altitude and slope namely. the proportioning of 
total polyphenols was realized with Folin-Ciocalteu reagent, the quantification of flavonoids was performed 
by a method with aluminium trichloride and sodium hydroxide, and the condensed tannins were determined 
with the vanillin method under acidic conditions. Results indicate that the contents of total phenols, total 
flavonoids and condensed tannins of D. gnidium leaves are positively correlated with altitude and that the 
phenolic compounds are more concentrated in the southern slopes of tessala mounts than in the northern 
ones probably due to temperature and light stress.
Résumé. — première détermination de la variation de la teneur en polyphénols des feuilles de daphne 
gnidium L. en fonction de l’altitude et de l’exposition dans les monts de Tessala (algérie nord-occiden-
tale). — Le présent travail est relatif à l’étude de la corrélation entre la concentration en composés phéno-
liques des feuilles de Daphne gnidium l. et quelques paramètres écologiques, altitude et exposition, notam-
ment. Le dosage des polyphénols totaux a été réalisé par le réactif de Folin-Ciocalteu, la quantification des 
flavonoïdes par le procédé au trichlorure d’aluminium et hydroxyde de sodium, et celle des tanins condensés 
par la méthode à la vanilline sous conditions acides. Les résultats montrent que le contenu des feuilles de 
D. gnidium en composés phénoliques, en flavonoïdes totaux et en tanins condensés, est positivement corrélé 
avec l’altitude, et que la teneur en composés phénoliques est plus forte en exposition sud qu’en exposition 
nord, due probablement aux stress thermique et lumineux.
under natural conditions, plants experience rarely one by one single abiotic factors, but 
they are much more likely to be exposed to multiple stresses simultaneously (ncube et al., 2012). 
Polyphenolic secondary metabolites have attracted the growing involvement of the scientific 
community (Bonfili et al., 2008; yang et al., 2009). They are widely present in plants and have 
a wide range of functions (Cartea et al., 2010; Ferretti et al., 2010). they protect them from 
oxidative stress, UV light, pathogens, and reduce foliage intake from herbivores (Goldstein, 
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1985; rechner et al., 2002; sochor et al., 2010). they are also responsible of allelopathy (sto-
rey, 1991; inderjit, 1996). polyphenols, such as phenolic glucosides, hydroxyl cinnamic acid 
derivatives and flavonoids are involved in secondary cell wall thickening (Gunnaiah et al., 
2012), thus mechanically increasing reinforcement of tissues, a key anatomical feature confer-
ring drought tolerance. Furthermore, polyphenol-induced strengthening of cell wall coupled 
with chemical-related functions (gunnaiah et al., 2012) may also enhance resistance to oxida-
tive stress of both abiotic and biotic origins (Bennet et al., 1996; mclusky et al., 1999; agati 
et al., 2012; di Ferdinando et al., 2013).
Daphne gnidium l. (Thymeleaceae), a toxic plant (daphnine: Bruneton (1987, 2005)) 
that commonly grows wild in tessala mounts (north-West algeria) and the whole algerian 
Tell, is confined mainly to the West Mediterranean, being relieved by Daphne linearifolia hart 
in the Eastern part of the Basin (Quézel & Santa, 1963). This evergreen shrub with leathery 
leaves can grow to a height of 2 m (Ziyyat et al., 1997). in folk medicine the infusion of the 
leaves of “lazzaz” is used as hypoglycemic and to treat skin diseases (Bellakhdar, 1997; Bru-
neton, 1987). this plant is also used in traditional fabric dyeing (Charnot, 1945). the metha-
nolic extract of Daphne gnidium L. leaves showed a presence of four coumarins (daphnetin, 
daphnin, acetyl- umbelliferon, and daphnoretin), nine flavonoids (apigenin, luteolin, quercetin, 
orientin, isoorientin, luteolin 7-O-glucoside, apigenin7-O-glucoside, genkwanin, and 5-O-β-
D-primeverosylgenkwanine, and α-tocopherolwere ) which contribute to its antioxidant activ-
ity (diana et al., 2003). Chaabane et al. (2012) have highlighted the quantification of phenolic 
compounds of leaf methanolic extract (total phenols = 157. 47 gallic acid equivalent, total 
flavonoids = 114.57 quercitin equivalents, tannins = 116 tannic acid equivalents).
In Tessala Mounts, the elevation ranges from 500 to 1000 m above sea level, reaching 
1061 m at djebel tessala. the geology is dominated with eocene marls. the whole study area 
belongs to the pinus halepensis L. formations (Alcaraz, 1982). The Tessala Mounts receive 
around 400 mm/yr of rain. The pluviometrical minimum is recorded in July, while the maxi-
mum occurs in February. the seasonal regime of rainfall is of Winter-spring-autumn-summer 
pattern which is typical of the sub-littoral mediterranean climate (alcaraz, 1982; Benabdeli, 
1996). The relative atmospheric humidity at 13h.00 in July is about 50 % on the northern 
slopes and 40 % in the southern slopes (Alcaraz, 1982). The duration of the dry season is on 
average 6 months, it covers the last week of April until the beginning of the second decade of 
october. the index of aridity in our region is estimated at 12.73 and determines a semi-arid 
mediterranean type climate (Bouzid, 2012).
Few studies exist on chemically based acclimation among tropical plants along ecologi-
cal gradients related to altitude (goldstein et al., 1985; Ziska et al., 1992; rada et al., 1998; 
Cabrera et al., 1998). the purpose of our work is seeking for correlation between the quantity 
of phenolic compounds (total phenols, total flavonoid and condensed tannin) in the leaves and 
some ecological factors. to highlight the role of the effect of altitude and mountainside (north 
vs South side, thereafter called slope) we have chosen Daphne gnidium which is not eaten by 
herbivores, avoiding the confounding effect of another ecological factor. Statistical analysis 
was carried out in order to determine whether the characteristics measured could distinguish 
the stations examined and if so, which characteristics greatly contribute to this distinction.
materials and methods
sampling
Leaves of D. gnidium were collected from different altitudes on tessala mounts (north-West algeria), oriented 
nW-se, during the morning (9h00 to 12h00) of april,14, 2013 in a sunny weather in places without shady tree (this 
plant is usually far from the shelter of the trees in the study area). We collected 200 leaves (from 3 plants) at each of 
the eight sampling site regularly spaced along the entire length of the mounts and transported them to the laboratory in 
isotherm box (10°C). The sampling plots were recorded with a GPS and were selected so that there was a significant 
difference in altitude between them (stations 1-4, exposed to the South, respectively at 793, 810, 864 and 932 m asl; 
stations 5-8, exposed to the North, respectively at 820, 850, 865 and 910 m asl). Botanical identification was carried out 
by Mr Cherifi (Teacher at the Department of Environment, Faculty of Sciences, University of Djilali Liabes, Algeria) 
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according to the flora of Algeria (Quézel & Santa, 1963). D. gnidium leaves were dried in the shade (T = 22-25°C) 
for one week, then ground using electronic grounder (i K a WerKe me 10 BasiC) and stored in closed boxes. 
this method of drying in the temperature less than 50°C is mentioned in the most of protocols to extract the phenolic 
compound without degradation (Bruneton, 1987).
extraCtion
Each 1g of dry leaves powder was placed in an Erlenmeyer with 20 ml of methanol (96 %) during 24 hours. After 
filtration (using paper watt man 1ml) , the methanolic solutions were evaporated under a reduced pressure in a rotary 
evaporator standard Buchi R-200 at 60°C. The weighed dry residues were taken again by 3 ml of methanol (Matkowski 
& piotrowska, 2006).
total phenols assay
the proportioning of total polyphenols by Folin-Ciocalteu reagent was described by singleton & rossi (1965). 
the reagent consisted of a mixture of phosphotungstic acid (h3pW12o40) and phosphomolybdic acid (h3pmo12o40). it 
was reduced, during the oxidation of phenols, in a mixture of blue molybdenum and tungsten oxides (ribéreau-gayon, 
1968). The maximum concentration of colour varied between 725 and 750 nm and it was proportional to the amount of 
polyphenols present in the vegetable extracts (Boizot & Charpentier, 2006).
A volume of 200 ml of the extract was mixed with 1 ml of Folin-Ciocalteu reagent diluted 10 times with water and 
0.8 ml of a 7.5 % sodium carbonate solution in a test tube. After stirring and 30 min later, the absorbance was measured at 
765 nm by using a Jenway 6405 UV-vis spectrophotometer. Gallic acid was used as a standard for the calibration curve. 
Total phenol compounds are reported as gallic acid equivalents by reference to a standard curve (y = 0.0015x + 0.015, R2 = 
0.995). The total phenolic content was expressed as milligrams of gallic acid equivalents per gram of dry matter. We chose 
a mg equivalent as unit in all our assays because we have used a spectrophotometer method. 
total Flavonoids assay
Quantification of flavonoids was performed following Zhishen et al. (1999) method with aluminium trichloride 
and sodium hydroxide. Aluminium trichloride as a yellow complex with flavonoids and sodium hydroxide formed a 
complex pink that absorbs in a visible 510 nm.
At zero time, 0.3 ml 5 % sodium nitrite was added to the flask. After 5 min, 0.3 ml of 10 % aluminium chloride 
was added. at 6 min, 2 ml of 1 m sodium hydroxide was added to the mix. at one time, the mixture was diluted to 
volume with the addition of 2.4 ml distilled water and thoroughly mixed. Absorbance of the mixture, pink in colour, 
was determined at 510 nm versus a blank containing all reagents except samples of extracts or fractions. Catechin was 
used as a standard for the calibration curve. The total flavonoid content of the extracts and fractions were expressed 
by reference to a standard curve (y = 0.0024x - 0.0034, R2 = 0.993) as catechine mg equivalents (CE) per gram of dry 
weight (mg Ce/g dW). 
Condensed tannins assay
Condensed tannins were determined by vanillin under acidic conditions (Price et al., 1978). this method is based 
on the ability of reacting with the vanillin units of condensed tannins in the presence of acid to produce a coloured 
complex measured at 500 nm. The reactivity of vanillin with tannins involved only the first unit of polymer. The 
amounts of tannins were estimated and described by Julkunen-Titto (1985): counted 0,1ml sample condensation packed 
into a wrapped reaction tube, then enhanced by 3 ml vanilin 4% (b/v) then merged using a vortex mixer, immediately 
enhanced by 1,5 condensed HCL mL and mixed. Absorbance of the sample was read at λ 500 nm after incubation during 
20 minutes at room temperature. Obstetrical of condensed tannin was expressed as cathekin equivalent in mg/g of Dry 
matter. Curve calibrates were drawn up by catechin equivalents by references to a standard curve (y = 0.0011x + 0.0003, 
r2 = 0.995) as standard.
statistiCal study
experimental results are expressed as means ± sd. all measurements were repeated three times. statistica software 
version 7.0 was used for data processing. One way Analysis of variance (ANOVA 1) was performed to evaluate the 
effect of altitude and slope on the levels of total polyphenols, total flavonoids and condensed tannins. Differences 
were considered significant when the p-values were less than 0.05. We also run a factorial analysis of correspondences 
(F.A.C) to visualize and interpret the relationships between phenolic compounds measured in the different samples and 
ecological factors (altitude and slope); results being the same as those of anova, they are not presented here.
results and disCussion
data in table i and graphs in Figure 1 show that both in south and north slopes there is 
a high significant correlation between total phenols (R2 = 0.97 in the south, r2 = 0.89 in the 
north), totals flavonoids (R2 = 0.91 in the south, r2 = 0.87 in the north), tannins (r2 = 0.91 
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in the south, r2 = 0.97 in the north) in leaves of D. gnidium and altitude; this confirms and 
extends the results of Zidorn & Stuppner (2001) which show a high correlation between alti-
tude and the total content of flavonoids.
taBleau i
Altitude and exposure of the stations with their respective concentrations of total phenols, total flavonoids and 
condensed tannins of daphne gnidium leaves
station 1 2 3 4 5 6 7 8
altitude 793 810 864 932 820 850 865 910
exposure south south south south north north north north
totals phenols
(mg gae/gdm)
139.3
±0.63
188.2
±0.2
242.3
±0.
385.5
±0.84
162.7
±0.34
216.6
±0.40
229.3
±0.40
253.9
±0.73
Total flavonoids
(mg Ce/gdm)
12.3
±0.40
13.6
±0.01
14.4
±0.01
15.5
±0.00
11.6
±0.02
12.4
±0.02
13.2
±0.03
13.6
±0.04
Condensed tannins
(mg Ce/g dm)
2.3
±0.09
2.7
±0.08
3.3
±0.01
3.5
±0.05
2.4
±0.02
2.7
±0.03
2.8
±0.01
3.1
±0.03
(mg GAE/gDM=mg acid gallic equivalent/ g of dry matter , mg CE/gDM = mg catechin equivalent/g of dry matter)
Figure 1. — Correlation between phenolic compound of Daphne gnidium leaves and altitude in Tessala mountain.
how can these correlations be interpreted?
Let us first consider that to ensure optimal benefit from light incidences, plants have 
evolved biochemical protective mechanisms against potentially damaging elevated doses of 
u.v radiation and extreme light intensities.
second, it is known that solar radiation increases with increasing altitude due to smaller 
optical air masses: compared with that at low altitudes, radiation at high altitudes has a 
shorter path-length through the atmosphere and thus undergoes less scattering and absorption 
(lumthaler et al., 1997).
third, alonso-amelot et al. (2007) and glynn et al. (2004) showed that the reduction of 
water availability and high temperatures influence high phenolic production in plants (Ncube 
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et al., 2012). a rise of temperature results in a corresponding increase in plant phenolic con-
tent (Christie et al., 1994; Solecka & Kacperska, 1995). In particular, levels of anthocyanins 
increase following cold stress and are thought to protect plants against this effect (pennycooke 
et al., 2005). Cold stress has been shown to induce an increase in phenolic production and its 
subsequent incorporation into the cell wall of Daphne gnidium leaves (Christie et al., 1994; 
ncube et al., 2012). ncube et al. (2011) attributed the high levels of total phenolic compounds 
obtained during the winter season in their study as being consistent with this fact, supporting 
similar findings from previous studies by Pennycooke et al. (2005) and prasad (1996).
Fourth, in tessala mountain, the south slope, the most sunny, suffers from an extended 
drought (over 6 months) and presents relatively degraded soils where clays predominate. North 
slope enjoys milder climatic and soil conditions: a sea breeze with its dampening effect in sum-
mer, low evaporation, relatively balanced soil and rainfall conditions (Bouzid, 2012).
It is thus tempting to interpret the observed correlations as an illustration of the adaptation 
of plants, Daphne gnidium in the present case, to an altitudinal gradient of varying stressing 
light (UV), temperature and moisture conditions, adaptation more evident in mountainsides 
exposed to the hotter and dryier south than to the milder and moister north, though a possible 
influence of soil conditions cannot be completely avoided in the absence of precise data on this 
subject.
ConClusion
The contents of total phenols, total flavonoids and condensed tannins of Daphne gnidium 
leaves are positively correlated with altitude. Phenolic compounds are more concentrated in 
the southern slopes of tessala mounts than in the northern ones, apparently due to differences 
in temperature and light stress between the mountainsides.
as it is well documented that the content of phenolic compounds of mediterranean woody 
plant species increases during growing season (e.g. Boubaker et al., 2001), it would be interest-
ing to conduct in the future a dynamic study for D. gnidium so as to grasp the real ecological 
significance of such secondary metabolites for this plant which is toxic to mammalian herbi-
vores. A multidisciplinary approach to this composition, combining ecology and biochemistry 
would have a greater potential to advance this study and unravel the extent to which plant–
environment interactions contribute to phytomedicine.
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